Abstract. We use the directed networks between articles of 24 Wikipedia language editions for producing the Wikipedia Ranking of World Universities (WRWU) using PageRank, 2DRank and CheiRank algorithms. This approach allows to incorporate various cultural views on world universities using the mathematical statistical analysis independent of cultural preferences. The Wikipedia ranking of top 100 universities provides about 60 percent overlap with the Shanghai university ranking demonstrating the reliable features of this approach. At the same time WRWU incorporates all knowledge accumulated at 24 Wikipedia editions giving stronger highlights for historically important universities leading to a different estimation of efficiency of world countries in university education. The historical development of university ranking is analyzed during ten centuries of their history. 
Introduction
According to the UNESCO reports the higher education is definitely at the heart of modern society development and related academic revolution (see e.g. [1] ). Thus the analysis of the efficiency of university education in different countries becomes of political importance for the country future development. One of the important tools of this analysis is the university ranking reviewed in high details at [2] . Indeed, it is now well established that the Academic Ranking of World Universities (ARWU), compiled by Shanghai Jiao Tong University since 2003 (Shanghai ranking) [3] , produced a significant impact on evaluation of national universities both on educational and political levels [1, 2] . Thus, for example, ARWU affected the French strategies LABEX, IDEX in high education [4] . Also the Russian Academic Excellence Project with significant financial investments [5] in many respects has been initiated by ARWU. Other examples are reviewed in [2] . At present there are several additional university rankings which are based on various evaluation methods of university efficiency in research and education (see e.g. [6, 7, 8] ).
The scientific analysis of strong and weak features of various university ranking methods is performed by various research groups as reported for example in [9, 10, 11, 12] . A comparative analysis of various approaches is given in [2, 13] . It is in general accepted that the world university rankings play an important role for development of a email address: jose.lages@utinam.cnrs.fr b email address: dima@irsamc.ups-tlse.fr higher education in the world countries, even if there are various opinions about each approach.
The above scientific studies definitely show the importance of university ranking. These ranking approaches are based on human selection rules which can not be complete or can favor certain cultural choices and preferences. Thus it is useful to have an independent mathematical statistical method which would rank universities independently of any human rules. Such a method has been proposed in [14] being based on the mathematical analysis of the human knowledge accumulated at English Wikipedia by year 2009 (www.wikipedia.org). This approach is based on a directed network of citations between all available articles of Wikipedia, construction of the corresponding Markov chain transitions [15] and the Google matrix G, introduced by Brin and Page in 1998 [16] for hypertext analysis of the World Wide Web (WWW). The construction rules of G matrix and description of its spectral properties for various directed networks are given in [17, 18] . The general scale-free properties of complex networks are described in [19] . The studies performed in [14, 20] demonstrated that this approach recovers about 70% and 80% of top 100 and top 10 universities of ARWU and that this overlap remains stable during the time evolution of English Wikipedia during the years 2004 − 2011.
A similar approach based on the Wikipedia network was used for ranking of historical figures of English Wikipedia [14, 20] . The extension of this approach to 9 [21] and 24 language editions of Wikipedia [22] allowed to take into account various cultural view points and improve the arXiv:1511.09021v2 [cs.SI] 4 Feb 2016 overlap of top 100 historical figures from Wikipedia with the Hart top 100 people, who according to him, most influenced human history [23] . The approaches of different groups to the Wikipedia ranking of historical figures are discussed in [14, 22, 24] . The results for the top 100 historical figures of Wikipedia approve the validity of this mathematical ranking approach based on human knowledge accumulated in various language editions of Wikipedia.
In this work we extend this approach creating the Wikipedia Ranking of World Universities (WRWU). We use the network data set of 24 Wikipedia language editions collected at [22] . These 24 languages cover 59% of world population and 68% of the total number of Wikipedia articles in all 287 languages. On the basis of the developed analysis we determine the most influential universities in the world and consider their time and geographical evolution on a scale of 10 centuries of human history. This study also allows to consider the various cultural preferences in the importance of concrete universities by different countries. Our WRWU results have about 60% and 90% overlap with the top 100 and top 10 list of ARWU.
The paper is constructed as follows: In Section 2, we describe Wikipedia data sets used in this work and we introduce the WRWU approach which is based on the Google matrix and PageRank, CheiRank, 2DRank algorithms. In Section 3, results of WRWU are compared to ARWU with a geographical and temporal analysis. In Section 4, we study entanglement of cultures and their interactions through WRWU results. Finally, the discussion of the results is given in Section 5.
Description of data sets and methods
We consider 24 Wikipedia language editions already used to rank historical figures of Wikipedia [22] : Arabic (AR), Danish (DA), German (DE), Greek (EL), English (EN), Spanish (ES), Persian (FA), French (FR), Hebrew (HE), Hindi (HI), Hungarian (HU), Italian (IT), Japanese (JA), Korean (KO), Malaysian (MS), Dutch (NL), Polish (PL), Portuguese (PT), Russian (RU), Swedish (SV), Thai (TH), Turkish (TR), Vietnamese (VI), Chinese (ZH). Titles of Wikipedia articles and hyperlinks between articles were collected in middle February 2013 (see [22] for data preparation details).
Network definition
Following [22] , we consider each of the Wikipedia language editions as an isolated directed network whose nodes are articles and the directed links are formed by citations from one article to another article. In this study we do not consider hyperlinks between different language editions. We associate to a given network an adjacency matrix A with elements A ij being 1 if node (article) j points towards node (article) i and 0 otherwise. A network associated to a given Wikipedia language edition containing N articles connected with N hyperlinks is then characterized by its N × N adjacency matrix A containing N non zero A ij elements. The parameters of the networks constructed from 24 Wikipedia language editions are given in Table 1 (see also [22] ). The country codes (CC) and language codes (LC) are given in Table 2 . The CC codes follow ISO 3166-1 alpha-2 standard [25] and the LC codes are language edition codes of Wikipedia, the code WR represents all languages other than the considered 24 languages.
Google matrix
We suppose that a random surfer hops from a node j to any connected node i (A ij = 1) with probability 1/k out (j) where
A ij = 0 is the node j out-degree, i.e. the number of links from node j to other nodes. If node j is a dangling node without outgoing links (k out (j) = 0), then we assume that a random surfer hops to any of the network nodes N with the probability 1/N . Then the matrix of Markov transitions S is defined by its elements S ij = A ij /k out (j) if k out (j) = 0 and S ij = 1/N otherwise. The Google matrix G is defined by the standard relation [16, 17] :
where α is the damping factor. We use throughout the paper the conventional value α = 0.85. The values α in the range 0.5 ≤ α < 0.95 do not affect the ranking [17, 18, 22] .
PageRank, CheiRank and 2DRank algorithms
The PageRank algorithm [16, 17] allows to rank all nodes of the network. Let us assume that a random surfer journey starts from node k. We define P i (t) the probability that a random surfer reaches node i after t iterations with P k (0) = 1 and P i (0) = 0 for i = k. The probability vector P(t) whose the components are the probabilities P i (t) is given by Providing α < 1, for any given P(0), the probability vector P(t) converges towards an unique stationary vector P as the number of iterations increases. This is the right eigenvector of G matrix with the eigenvalue λ = 1 (GP = λP).
In our numerical simulations we compute iteratively P up to a precision of 10 −17 , i.e. we compute P (t) up to iteration t such as
. The ith component of P, P i , gives the average proportion of time spent by a random surfer on node i. Ordering the probabilities P i from biggest to smallest gives the PageRank [16] index K with K = 1 (K = N ) associated to node with maximum (minimum) probability.
It is also useful to consider the network with inverted direction of links. Then the matrix of Markov transitions is defined as S *
A ij is the node j in-degree i.e. the number of links to node j from other nodes. The associated dual Google matrix G * is consequently G * ij = αS * ij + (1 − α)/N . Similarly to PageRank, it is possible to define a probability vector
which, providing α < 1, for any given P * (0), converges towards an unique stationary probability vector P * . Probability P * i gives the average time spent on node i by a random surfer evolving on the inverted directed network. The probability vector P * is the right eigenvector of the matrix G * with the eigenvalue λ = 1 (G * P * = λP * ). The statistical properties of this CheiRank vector have been analyzed in [26] (see also [14, 18] ). By ordering the probabilities P * i from largest to smallest values gives the CheiRank index with K * = 1 (K * = N ) associated to node with maximum (minimum) probability.
The probability of PageRank vector is proportional to the number of ingoing links while the probability of the CheiRank vector is proportional to the number of outgoing links (see e.g. [17, 18] ). It is also possible to define a third ranking, 2DRank, which combines PageRank and CheiRank [14] . Assuming a node with PageRank K and CheiRank K * , the 2DRank index for this node is
The 2DRank algorithm and 2DRank index K 2 are described in detail at [14] . Thus the PageRank index K have at the top well known articles of Wikipedia (e.g. world countries) while the CheiRank index K * has at the top very communicative article (e.g. listings of geographical names, prime ministers etc.). The top articles of 2DRank index K 2 are those which are both well known and communicative (see [14, 18, 26] ). We note that PageRank and CheiRank appear very naturally in the trade networks corresponding to import and export flows [18] . For the Wikipedia networks the global properties of PageRank, CheiRank and 2DRank have been discussed in detail in [14, 20, 21, 22] .
Rankings of world universities
For each individual Wikipedia language edition we rank all N articles using PageRank, CheiRank, and 2DRank algorithms. We consequently obtain three different global rank indexes K, K * , K 2 from which we extract articles devoted to an university or an institution of higher education and research. We extract articles with a title containing the keyword "university" in the corresponding language. Additional extractions with keywords such as e.g. "institute", "school", "college" have also been performed. A manual a posteriori check of the automatic extraction have been done to remove e.g fictional universities, colleges and schools of lower education from the list of top 100 universities of each edition. We extract also institutions of higher education and research which are designated by acronyms such as e.g "ETH Zurich". The organizations of pure research (e.g. CNRS, NASA) are not taken into account.
For example in the articles of the French Wikipedia edition, ranked by the PageRank algorithm, the first article of university is entitled "Université Harvard" with PageRank index K = 904, then in the second position comes "École polytechnique (France)" with K = 1549, and in the third position comes "Université d'Oxford" with K = 1558. Thus the top 3 PageRank universities in French Wikipedia edition are: 1. Harvard University, 2.École polytechnique, and 3. Oxford University. The same procedure is used to rank universities with CheiRank and 2DRank algorithm. In this way we determine the top 100 universities for each of 24 Wikipedia editions. Then each university U obtains associated rank index 1 ≤ R U,E,A ≤ 100 corresponding to its position in the top 100 list obtained for edition E by algorithm A.
Following [22] , for each type of algorithm, we define a global rank from the rank R U,E,A of each of 24 Wikipedia editions. Let us define the ranking score [22] 
where the summation is done over 24 Wikipedia editions. For a given ranking algorithm, the ranking score Θ of an university will be high if it appears well ranked in various Wikipedia language editions. We use the Θ-score (4) to merge the 24 world universities rankings obtaining the global ranking for all 24 Wikipedia language editions. We take R U,E,A = 101 if university is not present in a given edition thus giving a zero contribution. The largest value of Θ U,A determines the first top world university, the next gives the second world university etc. Top ranked universities obviously appear in most of the Wikipedia language editions. For each university we also determine the number of appearances 1 ≤ N a ≤ 24 in the top 100 list of universities of each edition. The global WRWU lists for each algorithm are given at the web page [27] . In total there are N u = 1025, 1379, 1560 different universities for PageRank, CheiRank, 2DRank algorithms respectively. We notate these global lists as WPRWU, WCRWU, W2RWU respectively. The top 100 universities for each edition and each algorithm are given at [27] . To each of these universities we attribute the year of its foundation (century), corresponding country (corresponding to actual country borders given at [28] ) and language corresponding to this country defined in Table 2 following the procedure described in [22] . Each university is attributed to a given country corresponding to the actual borders between world countries. From the global ranks WPRWU, WCRWU, W2RWU we obtain local university ranking corresponding to each language (selection of universities of the same language). The top 10 universities from these ranks are given at the web page [27] . We use the indexes K U and K * U for ranks of global top 100 universities of WPRWU and WCRWU respectively.
WRWU results
We discuss here the results of the WRWU obtained by the methods described in the previous Section. The WRWU results are compared with the ARWU top 100 list taken for year 2013 thus corresponding to the dating of considered Wikipedia networks. We also analyze the WRWU in dependence on a country to which a university is attributed and consider the geographical distribution of top universities of WRWU. The tables of the top 10 universities of WPRWU, WCRWU, W2RWU, ARWU are presented in Tables 3, 4 , 5, 6. These tables have the well known world university. We discuss the properties of WRWU in more detail in next subsections.
Comparison of WRWU and ARWU
According to the Tables 3,4 ,5,6 the overlaps η 10 (fraction of same names among top 10) with the top 10 list of ARWU are η 10 = 0.9, 0.5, 0.6 respectively for WPRWU, WCRWU, W2RWU. Thus WPRWU gives a reliable ranking of world universities being close to the choice of ARWU. However, at the top positions WPRWU places Cambridge, Oxford and Harvard which have rank positions K ARW U = 5, 10, 1 respectively. We will see later that WRWU gives The dependence of overlap fractions η(j) between two university ranks up to index j is shown in Fig. 1 for ARWU and WPRWU, ARWU and PageRank of English, French, and German editions. For ARWU and WPRWU we find η(100) = 0.62. It is interesting to note that English edition has a larger overlap with ARWU (η(100) = 0.65), followed by French (η(100) = 0.41) and German (η(100) = 0.35) editions. Thus we see that ARWU highlights in a stronger way the contribution of EN universities while FR and DE editions highlight in a stronger way the universities of their languages. Indeed, we have in the top 100 lists 32 French and 63 German speaking universities for FR and DE editions (see [27] ). This demonstrates significantly different cultural views developed in each language edition. We will see below that there are also strong historical reasons behind such cultural preferences. The overlap between ARWU and W2RWU of 2DRank is shown in Fig. 2 . There is a notable reduction of η comparing to the case of WPRWU of Fig. 1 well visible at j ≈ 10 and j = 100 where we have η(10) = 0.6, η(100) = 0.54 instead of larger WPRWU values given above. The overlaps between W2RWU and WPRWU and WCRWU lists have larger values due to certain correlations between PageRank and CheiRank vectors discussed for Wikipedia networks at [14, 18, 29] .
All 100 universities from 24 editions are ordered by their respective indexes of WPRWU PageRank K U and WCRWU CheiRank K * U . Their distribution on the PageRank -CheiRank plane (K U , K * U ) is shown in Fig. 3 for the top 1000 universities. In contrast to a very broad distribution of all Wikipedia articles on this plane (see Figs. in [14, 18, 21] ), for universities we have significantly stronger concentration around diagonal (K U = K * U ). It looks like that ingoing and outgoing information for articles of universities is approximately conserved like it is approximately the case of commercial flows on the world trade network where the countries try to keep their economic balance [30] . Thus we can say that universities of Oxford, Yale, Uppsala are more communicative (located below diagonal) while those of Cambridge, Princeton, Chicago are much less communicative (located above diagonal). This presentation shows that certain universities have open possibilities for improvement of communicative flows of their Wikipedia articles.
The distribution of ARWU top 100 universities is also displayed on (K U , K * U ) plane in Fig. 3 . It shows that ARWU universities are located mainly at top K U , K * U indexes. However, some universities, located at top K U , K * U positions, are absent in ARWU list. For example, these are Humboldt and Göttingen Universities. Such cases stress the important difference between ARWU and WRWU. Namely, WRWU gives credit to historically important universities which played an important role during the whole human history (e.g. the two cases above are definitely important for German and EU history) while ARWU gives much more importance to instantaneous achievements. We return to discussion of such differences in next Sections. Finally, we note that the W2RWU list is not composed simply from the items of top squares of (K U , K * U ) plane, as in the usual 2DRank algorithm [18] , because W2RWU is obtained via the relation (4) which performs averaging over 24 editions.
Geographical distribution
According to Table 2 we attribute to each country a corresponding language edition choosing mostly used language in a country defined by actual country borders (see [28] ). We determine a corresponding country, with its actual borders, at which a university has been founded. Then from top 100 universities of WPRWU, W2RWU, ARWU we obtain their distributions over the world countries shown in Fig. 4 This is rather different from the top 3 countries US, UK, AU of ARWU. Also the weight of US is significantly reduced from 52 percent for ARWU to 38 and 36 percent for WPRWU and W2RWU respectively (see Fig. 4A ,B,C). If we consider the average over all 24 editions then we get on the top 3 positions US, UK, DE with even smaller 28.2 percent of US (see Fig. 4D ). Here the rank of country is taken by the namber of its universities in the list of top 100. In certain cases the number of universities happens to be equal (e.g. for DE and UK for WPRWU), due to that we use a more refined ranking of countries as discussed in the las Section.
Thus, in our opinion, Wikipedia ranking provides a more balanced cultural view on important universities. Indeed, each edition gives more "votes" for universities of same language that increases contributions of various languages (or cultures) even if other cultures do not necessarily agree on importance of such a choice, thus introducing certain counterbalance.
The distribution of all top 100 PageRank universities of 24 editions over the world map of countries [28] is shown in Fig. 5 . The similar world map for WCRWU is shown in Fig. 6 . For WCRWU we see appearance of new countries in Africa and Central Asia being related to a larger number of outgoing links of their universities. Differently from top 100 of WPRWU (or WCRWU), here all 24 editions give a more significant contribution with a noticeable weight for India and Japan. Indeed, in HI and JA edition rankings there are large fractions of universities of their own languages (81 and 65 percent respectively) that leads to their weight increase among all 1025 PageRank universities. However, this effect of self citations is significantly suppressed for top 100 of WPRWU where opinions of other editions play a role. Thus Indian universities do not appear in the WPRWU top 100 as it is seen in Fig. 4 and in the corresponding world map of Fig. 7(A) showing WPRWU top 100 universities. The geographical distributions of WPRWU and ARWU are shown in Fig. 7 (A) and (B) . We see that Australia, present at high positions in ARWU, is not present at WPRWU, while inversely China is present on WPRWU map being absent in ARWU. Also an absolute percent of US is significantly reduced in WPRWU with Germany taking the second position at WPRWU instead of 6th position in ARWU.
Another interesting comparison of efficiency of universities is given by a number of top 100 universities per 10 millions inhabitants for a given country (the actual country population is taken mainly in 2015 from [31] , see also [27] ). These distributions for highly ranked countries are shown in Fig. 8 for WPRWU and ARWU. At the top 3 positions we find Estonia, Sweden, Switzerland for WPRWU and Switzerland, Israel, Denmark for ARWU. Estonia appears on the top due to its small population and the only one University of Tartu. This ancient university, founded in 1632, was historically on the crossroads of Sweden, Russia, Poland, Germany thus being important for various cultures in this region. Now it is located in Estonia with its small population that explains its top WPRWU per inhabitant position. The example of University of Tartu highlights the importance of historical environment for appreciation of role of a given university. It shows that WPRWU takes into account the history of university while ARWU ignores this feature.
On the second WPRWU position per inhabitant we have Sweden with 4 universities in top 100. Sweden is followed by Switzerland with 3 universities. For ARWU Switzerland is at the top position with 4 universities. We see that the Northern countries are taking high positions (SE, IE, NO, FI ...) both for WPRWU and ARWU. We now go to analysis of time evolution of top universities.
Evolution through centuries
Each university has its year of foundation and thus we attribute all universities to their own foundation century. From top 100 universities of all editions with PageRank we select universities founded before 20th century (384 in total) and present their geographical distribution over world countries in Fig. 9 . The comparison with Fig. 5 shows a significant drop of number of universities in Africa (only South Africa remains), India and Japan lose their high positions while EU countries (DE, UK, IT, FR) are improving their positions but US still takes the first top position with the largest number of universities. The geographical distribution for universities founded before 19th century (139 in total) is shown in Fig. 10 . Here Germany is taking the top position followed by Italy. But already US takes the 3rd position. 
Foundation country # of universities per 10 7 inhabitants Shanghai top 100 universities (ARWU) Fig. 8 . Distributions of WPRWU and ARWU top 100 universities per number of inhabitants (measured in 10 millions) over corresponding country. The distribution of number of universities N f founded in a given century is given in Fig. 11 . It shows that both, the total number N f and average number of universities per edition N f e , remain approximately constant during 14th to 17th centuries. The steady growth of N f starts from 18th century being close to an exponential increase. On the other side if we consider only top 100 of global ranking of WPRWU, W2RWU and ARWU, shown in Fig. 12 , then we see that the main part of top universities has been founded in 19th century (about 50) and in 20th century there appeared only about 10 to 20 universities which succeed to enter in the top 100 list. Thus we see that the top 100 club is rather rigid in accepting new "members" with time. Only for W2RWU there is some redistribution in 20th century mainly because the new young universities are more communicative that improves their 2DRank positions. In contrast for WPRWU the first 43 (5) universities have been founded before 20th (19th) century, and which remained de facto at unchanged positions till now. In total in WPRWU top 100 there are 9, 45, 14, 6 universities founded in 20th, 19th, 18th, 17th centuries. This confirms the highly rigid nature of top 100 positing of leading universities which was mainly formed before 20th century.
In Fig. 12 we consider the global list of top 100 universities. The data for top 100 of each edition at each foundation century are presented in Fig. 13 for PageRank universities in this century). We attribute this to the fact that CheiRank highlights the communicative features of Wikipedia articles and that the new young universities are more better placed in communicative broadcast activity.
Finally, for an interested reader we give the names of early founded universities: U Oxford, U Bologna (century XI); U Salamanca, U Modena and Teggio Emilia, U Parma (century XII); U Cambridge, U Padua, U Coimbra, U Naples Federico II, Complutense U Madrid, U Siena, U Lleida (century XIII).
Entanglement and interactions of cultures
The results for Wikipedia ranking in different editions can be used for analysis of entanglement and interactions of cultures. We associate each language to a culture since it represents the most important cultural feature. Such an approach was used in [21, 22] for historical figures and this method can be also directly used for universities. For that we count how many universities N ij , attributed to a culture (language) i, appears in the top 100 universities of culture (language) j. This gives the number of directed links from node j to node i and then the Google matrix of cultures is constructed in the usual way (1) with the same damping factor α = 0.85 (see also [21, 22] ). In total we have 25 nodes, since some universities cannot be attributed to any of 24 editions and corresponding cultures and in such a case we attribute them to an additional culture WR. The diagonal self citations inside the same culture are not considered so that N ii = 0, 1 ≤ i ≤ 25. The number N ij can be defined for any of the three ranking algorithms discussed above.
The network of cultures, constructed from top 100 universities of PageRank, is shown in Fig. 15 . For the CheiRank algorithm the network of cultures is shown in Fig. 16 . For the presentation of these directed networks we use gephy software with a circular layout [32] . These network images show strong interconnections between different cultures.
To analyze this complex entanglement of cultures we determine the PageRank and CheiRank vectors of such a secondary network with 25 nodes. The size of a node in Fig. 15 (Fig. 16 ) is proportional to PageRank (CheiRank) probability. In addition we determine PageRank K and CheiRank K * indexes of cultures and display all 24 + 1 cultures on the (K, K * ) plane in Fig. 17 . For PageRank list (Fig. 17A) we have the strong dominance of EN, DE, WR, and SV cultures which take the top 4 positions being on the diagonal K = K * . Next positions in K are taken by NL, RU and in K * by IT, FR. At highest positions of K and K * we have HI and HU which have many self citations. For CheiRank list (Fig. 17B) Fig. 15 (panel A) and from CheiRank universities of Fig. 16 (panel B) . Each culture is marked by language code.
ranking of universities we obtain the distributions of cultures over K, K * plane being rather different from the distributions of cultures obtained from ranking of historical figures (see Fig.10 in [22] ). This shows that the entanglement of cultures takes place on various levels of knowledge having complex interactions on each level. Thus appreciation of foreign universities in a given culture works in a rather different manner comparing to appreciation of foreign historical figures.
Discussion
In this work we presented the Wikipedia ranking of world universities using PageRank, 2DRank and CheiRank algorithms developed for directed networks where they proved their efficiency. The analysis is based on 24 Wikipedia language editions that allows to take into account various cultural view points. At the same time these cultural views are considered by the statistical mathematical analysis of all human knowledge accumulated in these 24 editions containing 17 million Wikipedia articles. Thus our analysis gives no cultural preferences standing on pure mathematical grounds.
We find that the PageRank list of WPRWU top 100 universities has 62 percent overlap with ARWU Shanghai list demonstrating that this analysis gives reliable results. At the same time WPRWU gives more emphasis to nonAnglo-Saxon cultures reducing the percent of US universities from 52 in ARWU to 38 in WPRWU. The ranking of world countries is obtained by counting a country score by summation of scores of universities belonging to a given country. The top 10 countries are given in Table 7 . Our results show that UK takes the 2nd position in this ranking with Germany, Sweden, France, Japan taking next 3rd to 6th places, while ARWU gives respectively the places 7th for DE, 2nd for UK, 6th for FR, 5th for JP and 9th for SE. The number of top PageRank universities per inhabitant demonstrates the efficiency of universities in countries of Northern Europe and Switzerland.
The rankings based on 2DRank and CheiRank algorithms highlight in a better manner the communicative Table 7 . Ranking of countries for universities in top 100 WPRWU and in top 100 ARWU. Only first ten countries are shown, the complete lists is available at [27] . Ranking of countries is established using the country score ΘC,R = U (101 − KU,C,R) where the sum is over universities of a given country C and where KU,C,R is the rank of university U in ranking R; left (right) columns correspond to R=WPRWU (R=ARWU). and broadcast features of universities showing that their efficiency varies strongly even for top ranked universities. The analysis of university ranking evolution through ten centuries shows that Wikipedia highlights significantly stronger historically important universities which role is reduced in ARWU. Thus for PageRank list of top 100 universities in 24 editions we find the dominance of Germany and Italy before 19th century, even if the rise of US universities is already visible to that times. The dominance of US is established after 19th century. Our WRWU results show that the club of top universities is formed mainly before 20th century and that it remains very ridig in "accepting" new members after that time.
The appreciation of foreign universities in individual editions allows to determine effective interactions of 24 cultures related to language editions showing the strong influence of English, German and Swedish universities.
We think that the Wikipedia ranking provides the firm mathematical statistical evaluation of world universities which can be viewed as a new independent ranking being complementary to already existing approaches. In the view of importance of university ranking for higher education [2] we hope that the WRWU method will also find a broad usage together with other rankings.
